A total of 280 crossbred pigs weaned at 21 d of age and weighing approximately 6 kg were utilized in five replicates to evaluate pig growth responses when fed a basal diet or one of several dietary lipid sources during a 4-wk postweaning period. A basal cornsoybean meal-corn starch-dried whey diet was compared with diets supplemented at a 7.75% level with one of the following lipid sources: corn oil, coconut oil, soybean oil, medium-chain triglyceride (MCT) or an animal-vegetable blend. A sixth treatment evaluated a roasted soybean diet formulated to an energy:lysine level equivalent to that of the fat-supplemented diets. In Exp. II, 36 crossbred weanling barrows were used to determine apparent fat and N digestibilities when soybean oil, roasted soybean, coconut oil or the MCT-supplemented diets were fed. Although pigs fed coconut oil grew somewhat faster, fat inclusion generally did not increase pig growth rate or result in lowered feed intake during the initial weeks postweaning; during the latter portion of the starter phase the addition of dietary fat resulted in a higher growth rate but feed intake was unaffected, resulting in an overall improvement in feed-to-gain ratio (P < .05) for all but the roasted soybean diet. Pigs fed coconut oil had higher serum triglyceride and lower serum urea concentrations than did pigs fed diets containing most other lipid sources. Pigs fed M a and coconut oil diets had a higher (P < .01) apparent fat digestibility during the initial 2 wk postweaning than pigs fed soybean oil or roasted soybean diets. Pigs fed MCT and roasted soybeans had poorest growth rates; apparent fat and N digestibilities were lowest (P < .05) for the roasted soybean diet.
diet generally has not improved postweaning pig gains (Frobish et al., 1970; Leibbrandt et al., 1975; Atteh and Leeson, 1983; Lawrence and Maxwell, 1983; Cera et al. 1988% 1989a .
Coconut oil contains a high proportion of mediumchain fatty acids; compared with diets containing corn oil or tallow, coconut oil results in a higher fat digestibility and improved N retention with postweaning pigs (Cera et al., 1989a) . Mediumchain triglyceride (MCT), a purified reesterified triglyceride from coconut oil containing C8:O and C1O:O fatty acids, is used in human infant formulas where it is absorbed efficiently and improves N retention (Roy et al., 1975; Bach and Babayan, 1982; Brady et al., 1982) . Dietary MCI', however, did not improve the postweaning gain of pigs initially weighing 11 kg (Allee et al., 1972) . Whole roasted soybeans have a high lipid content, but the digestibility of the unextracted oil may be lower than when it is extracted (Adams and Jensen, 1984) .
The objective of the present study was to evaluate the growth and apparent fat and N digestibilities by weaned pigs of diets containing various vegetable oils, MCI', roasted soybeans and an animal-vegetable fat blend.
Materials and Methods

Experiment I.
A corn-soybean meal-dried whey-corn starch basal diet was formulated to contain 1.16% dietary lysine. Each of five lipid sources (corn oil, coconut oil, MCI', animalvegetable fat blend, soybean oil) was added at 7.75% at the expense of corn starch. A sixth dietary treatment contained roasted soybeans at the fat equivalent level to the other lipid sources. Dietary levels of soybean meal and dried whey were increased in a constant proportion in lipid-supplemented diets to a 1.25% lysine level in order to compensate for an expected decrease in feed intake. Minerals, vitamins and antibiotic levels also were increased in the fat-supplemented diets to maintain a nutrient:energy ratio equivalent to the basal (Table 1) .
A total of 280 crossbred pigs were weaned at 21 d of age and allotted on the basis of weight, litter and sex with eight pigs per pen to the seven dietary treatments in five replicates. Pigs were housed in an environmentally controlled nursery with ad libitum access to feed and water. Pigs weights and feed consumptions were recorded weekly during a 28-d postweaning period.
Five pigs per pen in each of the five replicates were bled via heart puncture at 7, 14, 21 and 28 d postweaning. Blood samples were placed on ice and centrifuged; the serum was pooled by pen and frozen for later analysis. Serum triglyceride (Sigma, 1986) and urea (Sigma, 1983) analyses were based on the methods of Bucolo and David (1973) and Crocker (1967) , respectively. Experiment ZI. A 4-wk postweaning digestion trial was conducted using 36 crossbred barrows weaned at 21 d of age at an approximate weight of 6 kg. Pigs were allotted to four dietary treatments in three replicates. The four fat-supplemented diets of Exp. I evaluated in this trial were coconut oil, MCI', soybean oil and roasied soybeans.
Pigs were placed by groups of three into stainless steel metabolism cages (1.13 x .6 m) immediately upon weaning. Feed was available ad libitum using a three-hole polyethylene feeder with water provided free choice from a 7-liter jug nipple-waterer. Digestion trial procedures and sample preparations were described previously (Cera et al., 1988a; Reinhart et al., 1989) . Fecal and feed total fatty acids were determined by gas-liquid chromatography. Finely ground, freeze-dried samples were derivatized and extracted by the method of Outen et al. (1976) . Analysis and quantitation of total fatty acid methyl esters were performed as described previously (Cera et al., 1988a) .
Dry matter was determined by drying samples at 1 W C for 24 h. Nitrogen was assayed from the feed, feces and urine by the Kjeldahl method (AOAC, 1984) . The percentage ether extract in experimental diets was determined after soxhlet extraction using petroleum ether for 16 h. Trypsin inhibitor was analyzed by the method of Kakade et al. (1 974) .
Statistical analyses were performed using the GLM procedure outlined by SAS (1982) for a randomized complete block design using pen means as the experimental unit. Although pigs had ad libitum access to feed during the digestion trial, the data were analyzed covariately with fat and N intake as covariates.
Because statistical inferences were the same after covariate analysis, the unadjusted data are reported. Subsequent treatment comparisons were conducted using the protected least significant difference method (Snedecor and Cochran, 1980) . 
Results and Dlscusslon
Fatty acid composition of experimental diets reflected the total contribution from the indigenous lipid plus the added triglyceride source ( Table 2 ). The coconut oil diet contained approximately 56% medium-chain (C8: 0 to C140) fatty acids (MCFA) and 43% long-chain fatty acids (LCFA) 2 16 carbons; the MCT diet had higher MCFA, (71%), largely as C8:O and C100, and lower LCFA (28%). The soybean oil, corn oil and roasted soybean diets were predominantly composed of LCFA (>98%) with a relatively high proportion as unsaturated fatty acids (-80%). The animal-vegetable fat blend provided a mixture of the long-chain saturated and unsaturated fatty acids (28 and 69%, respectively).
Daily gains during the fist 3 wk postweaning period generally were similar for alI dietary treatments (Table 3) , with a trend (P > .15) toward lower growth rates when diets were supplemented with MCT or roasted soybeans. During wk 4, pigs fed the basal, M m and roasted soybean diets had lower gains (P < .01) than those fed diets that contained corn oil or coconut oil. Overall, gains were slower (P < .05) for pigs fed basal, MCT and roasted soybean diets than for pigs fed coconut oil.
Feed intakes were similar between the basal and fat-supplemented diets each week postweaning except that pigs fed MCT had a lower intake for wk 2 and wk 3 and for the overall 28d period (P < .05). Although a lower feed intake is expected with lipidenriched diets, this phenomenon was not observed for our weanling swine, particularly during the initial period postweaning. Feedgain ratios tended to be improved by added fat sources during wk 2 to 4; for the overall 4-wk period feed:gain was poorest (P c .01) for the basal and the roasted soybean diets. The effect of fat inclusion generally did not increase growth rate or cause a reduction in feed intake during the initial weeks postweaning, but during the latter portion of the starter phase, growth rate was higher but feed intake was unaffected, resulting in an overall improvement in feedgain ratio. These diets did not exceed a supplemental fat level of 7.75%; effects of higher dietary fat levels on these criteria are unknown. The responses obtained in this study agree with our previous observations (Cera and Mahan, 1987; Cera et al., 1988a Cera et al., , 1989a .
Average serum triglyceride concentration for the 4-wk period was lower (P e .05) when pigs were fed the basal compared with the fat- %itid weight averaged 6.0 kg.
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supplemented diets ( Table 4) . The coconut oilsupplemented diet resulted in a higher serum triglyceride level at each weekly period and for the overall 4-wk average compared with most other lipid sources, implying a higher absorption and(or) higher post-absorptive re-esterification of the dietary fatty acids from this lipid source. Although pigs fed the basal diet had lower serum triglyceride concentrations, those that were fed diets containing MCT or roasted soybeans generally had an intermediate and somewhat lower serum triglyceride concentration than pigs fed the other fat-supplemented diets. Both MCT and coconut oil contain high proportions of MCFA in esterified form. Because fatty acids less than 12 carbons in length largely enter the portal blood and are rapidly oxidized by the liver (Bach et al., 1977; Bremer, 1980; Bach and Babayan, 1982) , the lower serum triglyceride from pigs fed MCT may have reflected this absorption and metabolic pattern. Bloom et al. (1951) demonstrated that the C12:O fatty acid (lauric acid) enters the peripheral blood circulation, largely in esterified form following absorption rather than via direct portal absorption, thereby resulting in a higher serum triglyceride level. The coconut oil diet in our study contributed ~3 2 % lauric acid, which was a higher proportion than the other fatty acids (Table 2) . Our results imply that intestinal hydrolysis and subsequent absorption of fatty acids from coconut oil in combination with the other dietary long-chain fatty acids contributed from the dietary feed grains resulted in elevated serum triglyceride concentration, a response consistent with our previous observation (Cera et al., 1989a) .
Serum urea concentration was higher at d 7 postweaning than at subsequent weekly periods and tended to be higher when diets were supplemented with the various lipids ( Table 4) .
Pigs fed soybean oil or roasted soybeans had slightly higher serum urea concentration at d 7 (P < .05) than those fed several other fatsupplemented diets. Serum urea declined from 7 to 21 d postweaning but plateaued by d 28 when coconut oil or soybean oil was provided or tended to increase when the basal, corn oil, MCT, roasted soybeans or the animal-vegetable fat blend was fed. Serum urea of pigs fed MCT was lower (P < .05) compared with most other lipid treatment diets and the basal at d 14, 21 and 28.
The elevated serum urea of weanling pigs fed fat-supplemented diets compared with those fed the basal diet is consistent with our previous studies (Cera and Mahan, 1987; Cera LSb*cMeans i n the same row without common superscripts differ (P < .05). dLinear week response (P < .01). %inear week response (P < .05). fLinear week response (P < .lo).
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et al. , 1988b) . This suggests that when lipid is added to the postweaning diet, amino acid utilization may be reduced by the increased energy density from added fat, but because feed intake was not reduced with the fatsupplemented diets, greater quantities of amino acids were consumed, confounding any interpretation. A higher serum urea concentration can reflect lower amino acid utilization, which in our studies was exacerbated during the initial period postweaning when fat was added to the diets. There were fewer treatment differences in serum urea during wk 4 when feed intake was lower with the fat-added diets during the time period when absolute amino acid intakes were similar across treatment groups. The lower serum urea when M a was fed followed by an intermediate value when coconut oil was fed implies that the corresponding fatty acids from MCT and coconut oil may provide a more readily available energy source to weanling swine, which could enhance amino acid utilization, at least when compared with the long-chain triglyceride fat sources. Treatment effects on serum urea, however, closely paralleled treatment effects on feed and amino acid intake (Table 3) .
The failure to concurrently increase dietary nutrient levels when fat is added to swine diets was considered previously to be the factor that lowered swine performance response to added fat (AUee et al., 1971; Aherne et al., 1982) . Metabolizable energy from the various lipid sources in our study may, however, differ, especially when considering temporal differences in apparent fat digestibilities during the early postweaning period (Owsley et al., 1986; Cera et al., 1988a Cera et al., , 1989b . Although our diets contained only 7.75% added fat, the effects of higher dietary levels were not evaluated and may differ when dietary energy densities and feed intake change.
The effects of coconut oil, MCT, soybean oil and roasted soybeans on postweaning apparent fat digestibilities are reported in Table 5 . Fat intake was lower during the initial week postweaning when the MCT diet was fed, but intake responses during subsequent weeks were similar to those of the other treatment groups.
Apparent fat absorption when coconut oil, MCT or soybean oil was added was higher (P c .05) during wk 1 , 2 and 3 and for the overall 4-wk period than when the roasted soybean diet was fed Apparent fat digestibility tended to be highest when MCT was fed, and to be lowest when the roasted soybeans were fed, but the inclusion of coconut oil and soybean oil resulted in intermediate values numerically
close to the M m diet. The lower apparent fat absorption when pigs were fed MCT probably reflected the lower fat intakes. A higher fat digestibility from the MCX diet than from the coconut oil or soybean oil diets was more evident during the initial 2-wk postweaning period (P < .Ol), suggesting more effective intestinal digestion and(or) a greater absorption of fatty acids. The apparent fat digestibility of MCT plateaued by wk 2 postweaning (>89%), whereas when the soybean oil and coconut oil were provided, they attained a similar apparent digestibility only by wk 3. Pigs fed roasted soybeans had both a lower apparent fat absorption (P < .05) wk 1 , 2 and 3 and fat digestibility (P < .05) during each week postweaning and for the overall 4-wk period than did pigs fed the other three dietary fat sources. The apparent fat digestibility of roasted soybeans increased over time, but only to 76% by wk 4 postweaning, substantially below the mean digestibility value of the other dietary lipids (89%). The apparent fat digestibility of the extracted soybean oil product by weanling swine was higher at each weekly period, compared with its unextracted soybean 'The effects of the four dietary lipids on N digestibility and N retention are reported in Table 6 . Because feed intakes were lower during the initial week postweaning for pigs fed the MCT diet, N intakes also were low during wk 1; N intakes were similar for all dietary treatments from wk 2 to 4.
Weekly N retentions increased each week postweaning for all dietary treatments but generally were lower for pigs fed the roasted soybean and MCT diets. Percentage N retention also was generally lower for pigs fed roasted soybeans but N retention increased each week postweaning, resulting in a similar percentage N retention to the other lipidsupplemented diets by wk 3 and 4. Percentage N retention tended to plateau by wk 3 oil counterpart.
postweaning when the coconut oil diet was fed, but it increased linearly for the other diets.
Apparent N digestibility tended to be lower with the roasted soybean diet, but N digestibility increased linearly (P c .05) over time for pigs fed the roasted soybean or soybean oil diets. Apparent N digestibility tended to plateau for all lipid treatment groups by wk 3 postweaning. The lower apparent N digestibility when pigs were fed coconut oil during wk 2 was attributed to a brief encounter with diarrhea, and probably is a spurious value.
Dry matter digestibilities were higher during wk 1 for the coconut oil and MCT diets than for diets that contained the extracted or unextracted soybean oil (Table 7) . Digestibilities increased with time period for the soybean oil and roasted whole soybean diets, resulting in similar DM digestibilities for all diets by wk 4. Different dietary DM digestibilities associated with different fat digestibilities during the early postweaning period have been observed previously (Cera et al., 1988a (Cera et al., ,b, 1989a . The lower apparent DM digestibility during the initial postweaning period from roasted soybeans compared with the other dietary lipids implies that digestion of the roasted soybean was incomplete; this could adversely affect the digestion and absorption of other dietary components and subsequently lower pig growth rates. Adams and Jensen (1984) reported a higher apparent fat digestibility and DM digestibility for extracted soybean oil compared with the intact lipid from soybeans in the diets of weanling swine, similar to the results of our experiment.
The influence of heat processing of soybeans on subsequent pig performance (Seerley et al., 1974; Yen et al., 1974) reflects the need to inactivate indigenous enzyme inhibitors in the raw soybean (Yen et al., 1977) . Trypsin inhibitor analyzed in our study was 5.1 mg activity/g diet; this or other indigenous growth inhibitors in our roasted soybean may have been too high for optimum nutrient digestion, absorption and growth responses by weanling swine. Faber and Zimmerman (1973) reported that heat-processed soybeans resulted in poorer performance than soybean meal when fed to young swine, whereas older pigs performed similarly with either heat-processed soybeans or soybean meal (Villegas et al., 1973; McConnell et al., 1975) . The poor postweaning growth response to the roasted soybeans compared with other fat-supplemented diets or %%ems in the same row without common superscripts differ (P < .01). c.deMeans in the same row without common superscripts differ (P < .05). fLinear week response (P < .Ol). kinear week response (P < .05).
the basal diet in our study appears to reflect poorer utilization of both fat and N. The poorer gains in our study by pigs weaned at 21 d of age fed MCI' may have resulted from the lower feed intake and not from lower digestibility of MCT during the 4-wk period. Results from an earlier study (Allee et al., 1972 ) also demonstrated slightly reduced gains when 11-kg weaned pigs were fed supplemental MCT during a 2 1 4 startex period. Dietary MCT reportedly in a highly digestible and readily available energy source used in human infant formulas that improves fat absorption, enhances N retention and improves weight gain in low-birthweight neonatal infants (Roy et al., 1975; Tantibhedhyangkul and Hashim, 1975; Brady et al., 1982) . Although lower-weight human infants may utilize these fatty acids effectively, N e e et al. (1972) demonstrated that MCI' feeding lowered plasma glucose and increased blood ketone levels fivefold in weanling pigs. Hypoglycemic and ketotic responses to dietary MCT also have been reported in humans (PiSunyer et al., 1969; Bach et al., 1977) and rats (Yeh and Zee, 1976) . Increased insulin levels concurrent with reduced blood glucose following MCT ingestion in humans was reported by Pi-Sunyer et al. (1969) . Whether increased ketogenic and hypoglycemic responses may be associated with a limited feed intake and reduced growth response in young pigs fed MCT has not been determined.
Dietary coconut oil may more likely enhance pig gains than long-chain unsaturated or saturated triglyceride sources (Cera et al., 1989a). In another study, the use of coconut oil as a dietary lipid supplement did not influence the gains of a heavyweight weaning (i.e., 8.1 kg) pig group during a 28-d postweaning period, but coconut oil did increase growth rate of a lightweight weaning (5.8 kg) group (Cera et al., unpublished data) . The coconut oilsupplemented diet in this study resulted in an improved (P < .05) 28-d gain and feed:gain ratio compared with a basal corn-soybean meal-dried whey diet.
Implications
The addition of various fat sources to a corn-soybean meal-dried whey starter diet generally has not enhanced weanling pig performance during the initial 2 wk postweaning compared with the latter portion of the starter period. Of the commercially available plant and animal lipid sources, coconut oil has resulted in more consistent growth and feed performance responses than other lipid sources have. Roasted soybeans resulted in poorer pig performance and lower fat and N digestibility compared with extracted soybean oil or coconut oil, suggesting that the young weanling pig may be more sensitive to potential growth inhibitors in roasted soybeans than older swine are. The fat sources evaluated in our studies, incorporated at a 7.75% dietary level, required a timedependent transition period postweaning before digestibility and performance responses were maximum.
